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1. INTRODUCTION

1. 1 OBJECTIVE

This final report represents the results of the technical effort during the period

from July, 1972 through January, 1973 under contract NAS9-12984 to produce

spacecraft communication terminal breadboard components consistent with the

specifications.

1. 2 SUMMARY

Photos of the overall translator chassis are shown in figures 1-1, 2 and 3 (front, top,

three-quarter view). A block diagram of the complete assembly is shown in

figure 1-4.

The following table summarizes the performance of the spacecraft communication

terminal breadboard components:

Specification NASA MSC Requirement ITTDCD Performance

Single unit capable of being

rack mounted in a 19" rack.

Weight

Power Consumption

Environment Normal laboratory

Single unit capable

of being rack mounted

in a 19" rack.

26 lbs.

115/120 VAC, 50-60

watts

Normal laboratory

C-Band Translator/Transmitter/Attenuator

IF Input Frequency

IF Bandwidth

IF Input Impedance

IF Input VSWR

70 MHz

100 MHz

50 ohms

70 MHz

100 MHz

50 ohms

1. 5:1 max.

Packaging

Size

1
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Input Signal Level

RF Output Frequency

RF Output Bandwidth

RF Output Level

Attenuator Accuracy

Carrier level stability

RF Output Impedance

RF Output VSWR

Frequency Stability

Spurious Outputs

0 to +10 dBm

6 GHz

100 MHz

Adjustable -110 to -70 dBm

Repeatability error of 0. 5 dB

under calibrated conditions

50 ohms

±. 0015%

-138 dBm in a 4 kHz band

at the attenuator output.

0 to +10 dBm

6 GHz

100 MHz

Adjustable -110 to -70 dBm

Repeatability error of

0. 5 dB under calibrated

conditions

+0. 25 dB/day

50 ohms

1. 5: max.

+. 0015%

-138 dBm in a 4 kHz band

at the attenuator output.

C-Band Translator/Receiver/Attenuator

RF Input Frequency

RF Input Bandwidth

RF Input Impedance

RF Input VSWR

RF Input Level

IF Output Frequency

IF Output Bandwidth

IF Output Impedance

IF Output VSWR

IF Output Level

Receiver Noise Figure

Carrier Level Stability

Attenuator Accuracy

4 GHz

100 MHz

50 ohms

1. 5:1

+20 to +40 dBm

70 MHz

100 MHz

50 ohms

Adjustable -75 dBm to

-25 dBm

8 dB

Repeatability error 0. 5 dB

under calibrated conditions.

4 GHz

100 MHz

50 ohms

1. 5:1

+20 to +40 dBm

70 MHz

100 MHz

50 ohms

1. 5:1 max.

Adjustable -75 dBm to

-25 dBm

8.3 dB

+0. 25 dB/day

Repeatability error

of 0. 5 dB under

calibrated conditions.

2
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2. C-BAND TRANSLATOR/TRANSMITTER/ATTENUATOR

2. 1 BLOCK DIAGRAM ASSEMBLY

The block diagram for the translator/transmitter is shown in figure 2-1. The only

changes from the block diagram in the first quarterly report are the internal levels.

A photo of the up-converter is shown in figure 2-2 and a chassis drawing in

figure 2-3.

2.2 COMPONENTS

2.2.1 INPUT ATTENUATOR

The input Attenuator design is complete. It consists of three 1/4 watt fixed

composition resistors in a pi configuration. The specification for the Input

Attenuator appears below with a schematic.

Frequency 20 to 120 MHz

Attenuation 20 dB nominal

VSWR 1. 3:1 max.

AQL
R1 = 62

R
2

=220

1/4 W. Fixed Composition

Schematic

2.2.2 FIRST MIXER

The first mixer is a purchased, Summit Engineering, Boozeman, Montana, Model

761 unit. The measured performance of this mixer is shown in the table below

along with the specification.

3
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RF Output Frequency

LO Frequency

IF Input Frequency

RF Bandwidth

LO/RF Isolation

LO Level

Conversion Loss

Specification

1112. 5 MHz

1042. 5 MHz

70 MHz

100 MHz

50 dB

+7 to +10 dBm

8 dB

Performance

1112. 5 MHz

1042. 5 MHz

70 MHz

100 MHz

50 dB

+7 to +10 dBm

8 dB

2. 2.3 1042. 5 MHZ LO

The TCXO for this LO chain is a CTS Knight Model 9703232. A schematic of the

X27 multiplier is shown in figure 2-4. A curve showing the performance of the

1042. 5 MHz Lo output filter is shown in figure 2-5 and a photo in figure 2-6.

The performance specifications for the LO are tabulated below for reference.

Output Frequency 1042. 5 MHz

Frequency Stability +. 0001%

Output Level +10 dBm

Spurious Outputs 85 dB below nominal Output

2.2.4 1112. 5 MHZ IF FILTER

A 13 pole interdigital band pass filter has been fabricated. A photo of this filter

appears in figure 2-7. The frequency response of this filter is shown in figure 2-8.

A summary of performance appears below:

Frequency

Bandwidth

Rejection

Design

Loss

Band Edge Droop

Specification

1112. 5 MHz

100 MHz

55 dB at 1042. 5 MHz

13 Pole

. 1 dB Tchebyshev

1 dB

1 dB

Performance

1112. 5 MHz

100 MHz

55 dB

13 Pole

.1 dB Tchebyshev

1. 2 dB

0. 5 dB

4
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2.2. 5 1112. 5 MHZ AMPLIFIER

The 1112. 5 MHz amplifier has been fabricated. A schematic of the 1112. 5 MHz

amplifier is shown in figure 2-9. The measured amplifier performance appears

below:

Frequency

Bandwidth

Gain

Input VSWR

Output VSWR

Specification

1112. 5 MHz

100 MHz

15 dB

1. 2:1 max.

1. 5:1 max.

Performance

1112. 5 MHz

100 MHz

20 dB

1. 5:1 max.

1. 5:1 max.

A photo of this amplifier is shown in figure 2-10.

2. 2.6 SHF MIXER

The SHF mixer is a microstrip balanced mixer. A photo of this mixer is shown

in figure 2-11 and a performance summary appears below.

Input Frequency

Output Frequency

LO Frequency

LO Level

Conversion Loss

LO/RF Isolation

1112. 5 MHz

6.0 GHz

4887. 5 MHz

+10 to +13 dBm

9 dB

25 dB

1112. 5 MHz

6. 0 GHz

4887. 5 MHz

+10 to +13 dBm

9 dB

25 dB

2.2.7 SHF LO

The SHF local oscillator is a Frequency Sources Model FS-30 purchased to the

following specifications;

Output Frequency 4887. 5 MHz

Output Power +10 dBm

Output VSWR 1. 5:1 max.

Frequency Stability +. 0015%

Spurious 65 dB below output level in ±2000 MHz
band around fo.

A copy of the manufacturers test data is shown in figure 2-12. 5
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2. 2. 8 6 GHz ISOLATORS

The 6 GHz Isolators performance is tabulated below:

Specification

Frequency 6.0 GHz

Bandwidth 200 MHz

Isolation 20 dB min.

VSWR 1. 2:1 max.

Loss 0. 8 dB max.

Performance

6.0 GHz 6.0 GHz

200 MHz 200 MHz

26 dB 27 dB

1.27:1 1.22:1

.6 dB .6 dB

2. 2.9 6 GHZ BANDPASS FILTER

The 6 pole MIC 6 GHz bandpass filter is shown in the photo of figure 2-13. The

performance is shown in the curve of figure 2-14 and a performance summary is

tabulated below:

Frequency

Bandwidth

Rejection

Design

Specification

6.0 GHz

200 MHz

80 dB at 4887. 5 MHz

6 pole, 0. 1 dB

Tchebyshev

2 dBLoss

Performance

6.0 GHz

600 MHz

80 dB

6 pole, 0. 1 dB

Tchebyshev

1. 5 dB

This filter has a wider bandwidth than required. The performance of the trans-

lator is not affected by this as long as the Rejection specification is met.

2.2. 10 FIXED ATTENUATOR

A Narda, Model 777C fixed attenuator was purchased and has been received to

the following specifications:

6
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Frequency

Bandwidth

Attenuation

VSWR

6.0 GHz

200 MHz

30 dB

1. 3:1 max.

2.2. 11 ADJUSTABLE ATTENUATOR

A Narda, Model 4798, adjustable

following specifications:

Frequency

Bandwidth

Attenuation

VSWR

attenuator was purchased and received to the

6.0 GHz

200 MHz

0. 5 to 15 dB

1. 5:1 max.

2. 2.12 1 DB STEP ATTENUATOR

A Weinschel, Model 9009, 1 dB

the following specifications:

Frequency

Bandwidth

VSWR

Range

Accuracy

step attenuator was purchased and received to

6.0 GHz

200 MHz

1. 35:1 max.

0 to 9 dB, 1 dB steps

±0. 05 dB repeatability

2.2.13 10 DB STEP ATTENUATOR

A Weinschel, Model 9010, 10 dB

the following specifications:

Frequency

Bandwidth

VSWR

Range

Accuracy

step attenuator was purchased and received to

6. 0 GHz

200 MHz

1. 35:1 max.

0 to 60 dB, 10 dB steps

±0. 05 dB repeatability

7



3. C-BAND TRANSLATOR/RECEIVER/ATTENUATOR

3. 1 BLOCK DIAGRAM ASSEMBLY

The block diagram of the translator/receiver is shown in figure 3-1. The signal

levels shown reflect the actual test data. The addition of a band pass filter on the

SHF LO output was necessary to reduce spurious outputs.

A photo of the down converter is shown in figure 3-2 and a chassis drawing in

figure 3-3.

3.2 COMPONENTS

3.2.1 LOW NOISE AMPLIFIER

The LNA is shown in figure 3-4.

3-5:

A block diagram/schematic is shown in figure

Specification

Frequency 4. 0 GHz

Bandwidth 200 MHz (1 dB)

Gain 15 dB min.

Noise Figure 5. 5 dB max.

Input/Output VSWR 1. 5:1 max.

Frequency response photos are shown in figure 3-6.

Performance

4. 0 GHz

200 MHz (1 dB)

12 dB

5 dB

3.2.2 INPUT ATTENUATOR

A Narda, Model 777C, fixed attenuator was purchased and received to the following

specifications:

Frequency

Bandwidth

Attenuation

VSWR

4. 0 GHz

200 MHz

60 dB

1.25:1 max.

8
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4 GHz Low Noise Amplifier PerformanceFigure 3-6



3.2. 3 INPUT COUPLER

A Narda, Model 3043B, coupler and a Narda, Model M374NM, 10 watt load were

purchased and received to the following specifications:

Frequency

Bandwidth

Coupling

VSWR

Directivity

4.0 GHz

200 MHz

30 dB

1. 2:1 max.

27 dB min.

Termination on main line to dissipate 10 watts.

3. 2.4 4 GHZ ISOLATOR

The 4 GHz Isolator is shown in figure 3-7. The performance

isolators is listed below:

summary for these

Frequency

Bandwidth

Insertion Loss

Isolation

VSWR

Specification

4.0 GHz

200 MHz

0. 6 dB

20 dB min.

1. 2:1 max.

Performance

4 GHz 4 GHz

200 MHz 200 MHz

0.8 dB 0.7 dB

19 dB 22 dB

1.25:1 1.33:1

3.2. 5 4 GHZ BAND PASS FILTER

The 4 GHz band pass filter is shown in figure 3-8 and a performance curve in

figure 3-9. A summary of performance is shown below:

Specification Performance

Center Frequency 4. 0 GHz 4. 0 GHz

Bandwidth 360 MHz 600 MHz

Insertion Loss . 7 dB Alumina 1. 2 dB

Rejection 60 dB at 5112. 5 MHz 60 dB at 5112. 5 MHz

Design 5 Pole, 0. 1 dB Tcheby 5 Pole, 0. 1 dB Tcheby

9
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The bandwidth of this filter is wider than required. This does not affect system

performance as long as the rejection at 5112. 5 MHz is met.

3.2.6 SHF MIXER

The SHF Mixer has been fabricated and tested. The performance of the mixer is

summarized below. A photo of the mixer is shown in figure 3-10.

RF Frequency

Bandwidth

LO Frequency

Noise Figure

LO Power

Specification

4.0 GHz

200 MHz

5112. 5 MHz

6 dB (mixer only)

+10 to +13 dBm

Performance

4. 0 GHz

200 MHz

5112. 5 MHz

8 dB (mixer only)

+10 to +13 dBm

The higher mixer noise figure is not a problem because of the input LNA.

3.2.7 SHF LO

A Frequency Sources, Model FS-30, oscillator was purchased to the following

specifications:

Output Frequency

Output Power

Output VSWR

Frequency Stability

Spurious

5112. 5 MHz

+10 dBm

1. 5:1 max

+. 0015%

65 dB below output level in b200 MHz

band around fo.

A copy of the manufacturers test data is shown in figure 3-11.

3. 2. 8 1112. 5 MHz IF AMPLIFIER

The 1112. 5 MHz amplifier schematic is shown in figure 3-12 and a photo in

figure 3-13. The performance summary is shown below for reference:

10
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Center Frequency

Bandwidth

Gain

Noise Figure

Input VSWR

Output VSWR

Specification

1112. 5 MHz

100 MHz

40 dB

3 dB

1. 5:1 max.

1.2:1 max.

Performance

1112. 5 MHz

100 MHz

32 dB

1. 5:1 ma

1. 5:1

* Noise Figure of preamp without mixer was not measured.

3.2.9 1112. 5 MHZ IF FILTER

The 1112. 5 MHz IF Filter photo is shown in figure 3-14 and a performance curve

is shown in figure 3-15. A performance summary is shown below:

Center Frequency

Bandwidth

Design

Loss

Specification

1112. 5 MHz

100 MHz

8 Pole, 0. 1 dB Tcheby

4 dB

Performance

1112. 5 MHz

100 MHz

8 Pole, 0. 1 dB Tcheby

2. 5 dB

3. 2. 10 1112. 5 MHZ MIXER

An Anzac, Model MD-113, mixer was purchased and received to the following

specifications:

RF Frequency 1112. 5 MHz

RF Bandwidth 100 MHz

LO Frequency 1182. 5 MHz

LO Power +7 to +10 dBm

IF Output Frequency 70 MHz

Conversion Loss 8 dB

LO/IF Isolation 20 dB min.

LO/RF Isolation 25 dB min.

11
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3. 2. 11 1182. 5 MHZ LO

The TCXO was purchased from CTS Knights (Model 9703233). A photo of the X27

multiplier is shown in figure 3-16. The schematic for the X27 multiplier is

identical to that of figure 2-4. The LO output filter is shown in the photo of figure

3-17 and a performance curve in figure 3-18. The performance specification for

the LO is shown below for reference:

Output Frequency

Output Level

Frequency Stability

Spurious Outputs

Monitor Output

1182. 5 MHZ

+10 DBM

-. 0001%

85 DB below nominal output

-2 DBM

3.2. 12 70 MHZ IF AMPLIFIER

The 70 MHz IF Amplifier consists of three Avantek GPD-401 amplifiers in cascade.

These amplifiers have been purchased and received. The 70 MHz amplifier perform-

ance is shown below:

Frequency

Bandwidth

Gain

Input/Output VSWR

70 MHz

100 MHz (1 DB)

42 DB

1. 5:1 max.

Due to lower gain in the 1112. 5 MHz IF amplifier and higher mixer conversion loss

than originally specified an additional amplifier stage was needed to meet the system

gain requirements. An Amperex Model ATF-419 amplifier was used to provide an

additional 15 DB of gain over the 20 to 120 MHz bandwidth required with no increase

in gain variation with frequency.

12
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I

3.2.13 1 DB STEP ATTENUATOR

A Texscan, Model RA-50, 1 DB step attenuator was purchased and received to

the following specification:

Frequency

Bandwidth

VSWR

Range

Accuracy

70 MHz

100 MHz

1.2:1

0 to 10 DB, 1 DB steps

- 0.1 DB

3.2.14 10 DB STEP ATTENUATOR

A Texscan, Model RA-51, 10 DBstep attenuator has been purchased and received

to the following specifications:

Frequency

Bandwidth

VSWR

Range

Accuracy

70 MHz

100 MHz

1. 2:1

0 to 70 DB, 10 DB steps

- 0.2 DB

13



4. SYSTEM PERFORMANCE DATA

This section includes the Test Data Sheets for the CTB Translator,

and test data sheets for the TCXO and SHF Step Attenuator

14
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ACCEPTANCE

TEST DATA SHEET

C-Band Translator Up-Converter

2. 5 Spurious Outputs
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ACCEPTANCE

TEST DATA SHEET

C-Band Translator Down-Converter
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1. INTRODUCTION

The following report describes the tests to be performed on the C-Band Trans-

lator/Transmitter/Attenuator and Translator/Receiver/Attenuator to demonstrate

compliance with the End Item Specification contained in Exhibit "A" of contract

NAS9-12984 for Spacecraft Communications Terminal Breadboard Components.

A1165313
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2. C-BAND TRANSLATOR/TRANSMITTER/ATTENUATOR TEST DESCRIPTIONS

2.1 INPUT IMPEDANCE AND VSWR

The input impedance and VSWR of the translator receiver will be measured

using a network analyzer to display return loss versus frequency for the

20 to 120 MHz input bandwidth as shown in the test setup in figure 2-1.

To meet the 1. 5:1 VSWR specified,a 14 dB return loss is the minimum

allowable.

2.2 OUTPUT SIGNAL CHARACTERISTICS

The output signal characteristics over the specified input range will be

measured using the test setup shown in figure 2-2. A 70 MHz, 0 dBm

input signal will be applied to the translator and the 6 GHz signal output

level will be varied over the specified -110 to -70 dBm range.

A spectrum analyzer will be used to measure the level of the output signal.

The input level will then be increased to +10 dBm and the measurement

repeated.

2.3 BANDWIDTH

The bandwidth will be measured by sweeping the input frequency range

of 20 to 120 MHz with an input level within the 0 to +10 dBm operating

range and detecting the 6 GHz output signal using the test setup shown

in figure 2-3. The detected output will be displayed on a calibrated

oscilloscope and a photo of the amplitude response will be taken. The

output will be detected at the up-converter output before the attenuators

to provide a -30 dBm minimum level to the crystal detector. Lower

detector input levels will not be easily displayed on an oscilloscope.

No contribution to amplitude flatness variations is expected from the

attenuators since the RF bandwidth is very narrow. The oscilloscope

will be calibrated using a precision attenuator and the detector at the

same level to be encountered during the test.

A1165313
SHEET 3
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2.4 FREQUENCY STABILITY

The frequency stability of the translator will be measured using the test

set-up shown in figure 2-4. A crystal oscillator in the input signal range

(20 to 120 MHz) will be used as a reference. The frequency of the crystal

reference will be counted and recorded. The SHF output frequency will

be counted and recorded with a digital recorder.

2. 5 SPURIOUS OUTPUTS

The spurious outputs of the translator transmitter will be measured using

the test set-up shown in figure 2-5. A 70 MHz signal at a 0 dBm input

(worst case) will be applied to the translator and the output displayed on

a spectrum analyzer. The up-converter output will be measured before

the attenuators since it is not possible to measure -138 dBm with the

Spectrum analyzer. The -138 dBm spurious requirement corresponds to

a 68 dB carrier-to-spurious ratio at the -70 dBm maximum output level.

The up-converter output will be approx -30 dBm before the attenuators. The

68 dB C/S specification translated to this location corresponds to a

-95 dBm output level which can be measured.

A1165313
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3. C-BAND TRANSLATOR/RECEIV ER/ATTENUATOR TEST DESCRIPTIONS

3.1 INPUT IMPEDANCE AND VSWR

The SHF input impedance and VSWR will be measured using a network

analyzer to display the input reflection coefficient versus frequency for

the 3. 950 to 4.050 GHz input bandwidth as shown in the test set-up of

figure 3-1. To meet the 1.5:1 VSWR specified a reflection coefficient

of < 0. 2 is required over the 100 MHz bandwidth.

3.2 OUTPUT SIGNAL CHARACTERISTICS

The output signal characteristics of the translator receiver will be

measured using the test set-up shown in figure 3-2. The 4 GHz input

level will be set at +40 dBm and the 70 MHz output level will be varied

over the specified -25 to -75 dBm range. The 70 MHz output level will

be measured on a spectrum analyzer. The 4 GHz input will then be ad-

justed to +20 dBm and the above procedure repeated.

3.3 BANDWIDTH

The translator receiver bandwidth will be measured using the test set-up

shown in figure 3-3. The receiver input will be swept from 3950 to 4050

MHz at a level within the +20 to +40 dBm input range. The 70 MHz output

will be detected and displayed on a calibrated oscilloscope. A photo of

the display will be taken.

3.4 RECEIVER NOISE FIGURE

The receiver noise figure will be measured at the input to the LNA (Low

Noise Amplifier) as shown in the test set-up of figure 3-4. The noise

figure measurement is automatic with the set-up shown. The 10 dB

attenuator is included to improve the accuracy of the measurement by

using a more accurate meter range on the noise figure meter.
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5 MECHANICAL ASSEMBLY

The mechanical details of the Test Translator Assembly can be obtained from

the photographs, Figures 1-1, 1-2, and 1-3. Figure 5-1 is a d-c wiring dia-

gram; Figure 1-4 is the r-f wiring diagram
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6. ENGINEERING PARTS LIST

The pages following are the Engineering Parts List for the CTB Translator.
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